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IKiIV- HOT Wm PRESSURE GAGES FOR WIND TUNNEL WORK 

ABSTRACT 

A Pirani  type hot wire pressure gage has been made so s m a l l  t h a t  it 

has been possible t o  i n s t a l l  it within the  usual pressure holes of wind tunnel 
mG&&s. It- aTected '-------I----- 

~~:u~cL-uL,Lu-~:  & i P t  has been compensated aid static and 

p i t o t  pressures have been measured. A s  t h e  response time of such a s m a l l  gage 

i s  very short ,  it can a l so  be used f o r  indicat ing unsteady and turbulent  flow 

conditions. Two symmetrical gages of t h i s  kind have been used a s  a sens i t ive  

Plow angle meter. 



Q~ite a ~ ~ i e t y  cf  methcds, based en several. d i f f e r en t  pr inciples ,  h w e  

been applied i n  measuring pressures i n  wind tunnel t e s t s .  The most common 

ones a r e  methods which use long pressure leads  from the  pressure holes ins ide  

the  +,layel or model to m c ~ ~ ~ e t e r s  o r  o+,her g w e s  ~i.+,si&e +,he +,itYqel, This 

represents t he  most straightforward method, which i s  simple and r e l i a b l e  and 

therefore  has a great  appeal t o  t e s t  engineers. 

There a r e  ce r t a in  disadvantages, however, i n  these methods. For example, 

it takes a ra ther  long time t o  reach pressure equilibrium with t h e  long and 

run ai; iow test sect ion pressures,  Another disadvantage is  the  r a the r  i a rge  

cross  sect ion of a s ing le  pressure lead,  which can hardly be made smaller than 
2 

1 mm fo r  p r ac t i c a l  reasons. Therefore, many attempts have been made t o  bui ld  

pregs-k-e gages sz, s m d l  that they ~ a - ~  be fr-lstalle& withili the  willfi eirru-lel 

models, with only t h i n  e l e c t r i c a l  leads  connecting the  model with t he  outside 

instrumentation. These t rends  have been r a the r  successful  with l a rge  tunnels 
yhere mGdels cay m c ~ ~ o d ~ t ~ d .  These m e  lki+8ti=ns, k.,=wever, 

because of the  s i z e  of the  pressure transducers,  which are s t i l l  i n  the  order 

of 1 cm diameter f o r  the  smallest type. The t rend f o r  fu r ther  minia tur izat ion 

This paper describes a presslure transducer which is  e s sen t i a l l y  a very 

-1 versio~ of +,he well *eA~nA I)irmi ho+, wire g w e ,  These zev gwes C&T be 

made a t  l e a s t  t en  times smaller than the smallest  conventional types. 

The P i r an i  gage works on t he  p r inc ip le  t h a t  the  h e a t l o s s  from a t h i n  

heated wire t o  t he  surrounding gas becomes dependent on t h e  pressure a t  low 

gas densi t ies .  The author has shown i n  another investigation* that the  heat  

l o s s  a t  constant  temperature i s  a universal  function of t he  mudsen number, 

which i s  t he  r a t i o  of t he  hot  wire diameter t o  t h e  mean f r e e  path i n  t h e  gas. 

*,, 
The Heat Loss from Very Thin Heated Wire6 i n  Rarefied ~ a s e s " .  The Phys. of 

Fluids - 2 pp. 717-718 (1959). 



This means t h a t  a P i r an i  type pressure gage*: can be used up t o  any pressure 

i f  only one can make t he  wire diameter small enough. For example, with a 

.5 micron wire, pressures around one atmosphere can be measured qu i te  accu- 

r a t e ly .  This seems t o  be the  p r ac t i c a l  l i m i t ,  however, as it i s  extremely 

d i f f i c u l t  t o  handle wires of such s m a l l  s i ze .  

DESCRIPTION OF THE GAGE 

In  t h i s  par t i cu la r  case, a hot wire (1.25 p d i m . ,  P t  + 10$ ~ h )  was 

mounted** across a ceramic tube of 1/16" OD a s  shown i n  Fig.  1. A s  the  length- 

t.n-d.tm+;er r a t i o  is in ?& order of 500, en& effects - s d 1  &qfi ~a be 

neglected. The connections t o  t he  wire and along the  ceramic tube are made 

by s i l v e r  conducting pa in t  ( f i r i n g  type) so t h a t  t h i s  hot  wire arrangement 

could be used t o  temperatures up t o  1400%. . The ceramic tube vas sealed at 

the back and mounted i n  insu la t ing  holders. 

The first expe rben t  was performed with the  hot wire i n  a p i t o t  tube 
-....-n-a-...--& 
--r-ane-t:rlb 8 s  6ho%in Fig. 2.  One "f tine lnot was @;lroweed to yne 

tunnel  and the  other s ide  was connected t o  an insula ted copper wire leading 

out of t he  tunnel. The p i t o t  tube could be closed at t he  f ron t  end and two 
hr\lcsc +hm 1 1 fi-fi-hd &Ln+ L n -  n u - - - a ~ l r r r u &  --.rld 
AIVIL  &a OLUCwCLLIO bVLLLU UC upcllcU, 3u bllub bile p - c  u-L-a%t;mC=llb G U u U  

a l so  be used a s  a s t a t i c  pressure probe. 

E l ec t r i c a l l y  t h e  h o t  vire  (IN) was connected t o  a Wheatstone bridge 

ABCD a s  shown i n  Fig.  3 and was operated a t  constant temperature. The potentio- 

meter P between points  C and D was s e t  about 10$ above the  cold res is tance 

( a t  room temperature) of the  hot  wire, which was around 130 ohms. Th i s  means 

t h a t  the  bridge i s  i n  balance i f  the  hot  wire i s  about 30% above i ts  ambient 

temperature. This temperature i s  control led by regulat ing the  current  with 

t he  two ten-turn potentiometers (R ,  500 ohms and 100 ohms i n  s e r i e s ) .  The 

n u l l  indicator (M) i s  connected between points  B and D. A s  the neat  l o s s  

from the  hot wire decreases with decreasing pressure, t h e  res i s tance  of R 

has t o  be increased i n  order t o  keep the  bridge balanced. 

* 
So far P i r an i  gages have been used near ly  exclusively for  vacuum work, ** 
1 -0 . A  L L L A  --.Y--- 1 I, 1 -------I---- 
UC~LIIID UI ~ U L U I ~ L L L ~ ;  ~ u c n  b r u u  r l u b  w e  WALL ut: puulltjnea separar;ely in 
 h he Review of Sc i en t i f i c  instrumentsn under t he  t i t l e :   andli ling of Very 
Thin Wollaston Wires". 



EXPERWNTAL RESULTS WITH PITOT AND STATIC PRESSW GAGES 

I n  t he  f irst  ac tua l  experiment with a hot  wire mounted i n  a p i t o t  tube - 
i n  a M = 4.63 flow, the  res i s tance  R had t o  be increased t o  keep the  bridge 

balanced, e.g. from 44.8 ohms a t  atmospheric pressure t o  65.5 ohms a t  a p i t o t  

pressure of 75 mm Hg. 

It was observed, however, t h a t  t h e  reading d r i f t e d  with time and t h a t  the  

reri  c t . a n ~ e  R had to be decreased slowly (to about 61.2 in order to keep - --a- "-*-- 
t he  bridge i n  balance. The reason f o r  t h i s  annoying fea ture  i s  t h a t  t h e  whole 

p i t o t  tube assembly, which is  o r ig ina l l y  at room temperature, slowly cools 

down i n  the cold  supersonic flow. Therefore i n  order t o  keep t h e  hot  wire at 

i t s  constant  working temperature, the  e l e c t r i c  current  flowing through it has 

t o  be increased accordingly. 

In  t he  next experiment t he  hot  wire was used in a s t a t i c  pressure probe. 

As the  s t a t i c  pressures i n  t he  same flow a r e  much lower ( i n  t he  order of 3 mm 
~ g )  the  res i s tance  R had t o  be changed, e.g. from 45.2 ohms st atmospheric 

conditions to about 280 ohms. As the hot wire is so much more sensitive in this 

pressure range, a small va r ia t ion  of pressure w i l l  produce a d izab le  change 

of R.  It w a s  found t h a t  s t a t i c  pressures i n  t h i s  region could be read with 

an accuracy of about 1s. The s t a t i c  pressures i n  the  t e s t  sect ion were changed 

by varying t he  t o t a l  head pressures i n  t h e  wind tunnel supplying sect ion.  As 

these  two pressures have t o  be proportional  t o  each other f o r  t he  same Mach 

number, it was r a the r  easy t o  check t he  s e n s i t i v i t y  of t he  hot  wire pressure 

QaQe 

However  from experbents in s t i l l  air a+, 1 nv nrPCm1Fea - it ~ 5 8  foi~qd --- 7 -  - --., r A - w u - u u ~  

that the  s e n s i t i v i t y  of a hot  wire pressure assembly can be increased a t  l e a s t  

by one order of magnitude i f  precis ion p a r t s  and instruments a r e  used under 

optimum condit ions.  With t h e  s t a t i c  pressure probe again, a masked dr i f t  

occurred because of the  cooling off  of the  whole assembly. It took about 112 

hour before an equilibrium condition (within t h e  accuracy of 1s) had been 

reached. This temperature d r i f t i n g  is  ce r t a in ly  such a severe drawback of t he  

HW pressure gage i n  t h i s  simple form t h a t  it proh ib i t s  i t s  p r ac t i c a l  use i n  



wind tunnel work. However, in another application this drawback was found to 

he cf leg= hm~rtmc~. A= t he  regpnge ~L~II cf the gwe i~ very &~rt (prnh=e 

bly less than a millisecond) it can be used for measuring turbulent and 

other pressure fluctuations*, because here the relative change of the pressure 

m~)re 3rn~rt.z~). t..h=c jf.8 ~~.IIY~I Z ~ E . Q ~ I J ) . ~  VRS&JP = 
6 

Oscillograms of such turbulent pressure fluctuation have been taken with 

+,he E=e af cq grfiic=v cccple& lev ncisp premplifier (=t c~~penap+efi; 

hooked up to points B and C in Fig. 3) .  They look vew similar to those taken 

with bare hot wires exposed directly to the flow. Approximately the same 

rerr11lt.s vere nht.d,n,ed yl~e-kh~r vere afifiemhled in plt.~t. Qy in ~tg-kjr; 

C.. pressure probes. OLne highest frequencies observed in the turbulent spectrum 

were in the order of 10 kc. It is, of course, still completely unknown how 

such a gage would respond quantitatively to the different frequencies of the 
+%.wh.\l n-+ n.rrnn+-m--m u u r  u u r ~ r r u  oycc. U L  uur, 8i; +Lfi + k 4 *  m * n d . ? n +  4  Ann+ n9 +ha hn+ r .d  w n  < r r + n n d % % n n a  

ULLC ULLUI a & &  uuc. u AU A A  U L L U  u~ L rrur ,  w r r  G r r r u r  uuub~so 

some kind of damping. On the other hand the lowest self-resonant frequency 

of the air column inside the gage seems to be in the order of 100 kc. Proba- 

y i work has te be fiefie before one c%q A J  r e d l y  qid=qtit&Hve con- 

clusions with respect to fast pressure fluctuations from such encapsuled hot 

wires. 

There are some cases, however, where such crude pressure gages might 

be of immediate help. Thus it was observed that during the starting and the 

~lhl1t.dr7v-n zrnce.ss of the  v i ~ d  f . i ~ n n ~ 1  t.i]rhifi~~f. prefisixe fli~ct.uat.ions were --- - -- .. -- 
much higher (at least by a factor of 100) than those i n  the established flow. 

Also found was a noticeable increase of turbulence behind a shock wave. 

Furthermore, an unsteady flow was easily detectable by sudden pressure jumps 

r.~L.tnL n n n n - n n A  +n LA 7  A n  t- 1  + * - f i n  m k n ~ r f i  + + , . n h , q l  fin+ 1 n~rnl m h a  cams 
W l l A G l l  appGa,LGU bU U C  -LWU LVVV Q A I U C D  a U V V C  U l L C  U L L L U C L I C I L U  A C V G I e  A  Ua+UKi 

result showed up if the pressure hole was locaqed in a region of separated 

flow. A normal uncapsuled hot wire of the same diameter (1.25 P) would 

m l r n n ~ +  m n v + o +  n l  Y r  h r n m l r  Lr\ ~ i j ~ h  ~ ~ i e l ~ ~ t  f l l d c k a t i ~ > ~  08~ iugt i0 , r?~  ef t h i ~  -vuu b k L  U C I I I A I J  U.&kCLTL 

* 
L. J. F. Broer ; R. E. de H a a n  " ~ o t a l  Head Measurements in Fluctuating 
~l o w s . ~  ZAMP (~estschrift Jakob ~ckeret) Vol. 3Xb pp. 162-172 (19%). 



kind were detectable even on the nul l  indicator of the Wheatstone balance i n  

the form of a jerking needle. Thus a hot wire within a pressure hole beneath 

the surface of a wind tunnel model i s  able t o  indicate the s t a tus  of the 

boundary layer a t  l e a s t  qual i ta t ively.  Such gages could even be b u i l t  in to  

rotat ing models, as low noise commutators are  available today. 

EXPERDfE3TAL RESULTS W I T H  HOT W l R E  PRESSURE GAGES 
FOR DETERMINING FLOW INCLINATIONS 

I f  a second re s i s to r  i n  the Wheatstone bridge would have the same 

temperature dependence and would also be exposed t o  the same environmental 

temperature a s  the HW i t s e l f  then it would be possible t o  compensate the 

temperature d r i f t  completely. This can actual ly  be accomplished in several 

ways without great technical d i f f i cu l t i e s ,  as  will be shown l a t e r  i n  experi- 

ments with a wedge carrying two symmetrical hot wires. But f i r s t  it sha l l  

be shown how such a wedge can be used primarily fo r  precision measurements 

of flow inclinations.  As shown i n  Fig. 4, two hot wires (2. 5p@)* were 

mounted symmetrically in a wedge. One side of each hot wire was e lec t r i -  

c a l l y  grounded; the other sides were brought out i n  two e l ec t r i ca l  leads and 

were connected t o  the Wheatstone bridge as  shown i n  Fig. 5. 

In the actual  experiment it turned out tha t  a t  room temperature, hot 

wire 1 (HW1) had a resistance of 35 ohms (exactly 34.54 ohms) and hot wire 

2 (HW2) a resistance of 30 ohms (exactly 29.86 ohms). It was again assumed 

tha t  the hot wires should operate a t  10$ above t h e i r  :cO.ld resistance, which 

means at 38.00 ohms and 32.84 ohms respectively. Therefore the potentiometer 

R1 was s e t  a t  38.00 ohms and R2 a t  32.84 ohms, so tha t  the  bridge would be 

i n  balance i f  the two hot wires assume the same working temperature. In  

f ac t  the bridge would exactly be i n  balance at any temperature i f  the 

* 
The two hot wires should have ident ica l  character is t ics .  However, prac t ica l ly  
they always w i l l  d i f f e r  a l i t t l e  b i t  i n  t h e i r  effect ive length, i . e . ,  t h e i r  
e l ec t r i ca l  resistance. But t h i s  i s  not very Fmportait..  



condit ions at  t he  wire and t h e  hot wires themselves were t r u l y  identical*. 

But then there  would not be any indicat ion whether t he  proper working 

temperature had been reached and i n  such a case it would be very eaay t o  

destroy t h e  hot wires by too great  a current .  For sa fe ty  reasons, therefore,  

an addi t ional  potentiometer R- was hooked up t o  the  bridge. R- could be 
tL tt r 

inse r ted  i n t o  t he  c i r c u i t  fn place of HW by the  switch S R was$set  at 
2 2' a 

exact ly  t he  same value a s  R 
2' 

switched on by S with t h e  f u l l  res i s tance  of the  ten-turn potentiometer R 
1 

in l i n e .  The switch S, was connected t o  R- . Usually t he  n u l l  indicator  M 
L u 

w i l l  +,he= show a mil l  cinrer?+, which will first, increase sl~vly vhen E! is 

decreased, come t o  a maximum, and then sharply go t o  zero. This means a t  

t h i s  point  t he  cor rec t  working temperature of HW, has been reached. Now 
A 

HW ts cnnaec?t.ed i n t o  the ciyc~fi t  by switch in^ S- .  If the flow conditions 
2 -- 2 - 
a re  t r u l y  i den t i ca l  on both s ides  of the wedge (zero angle of a t t ack)  then 

the  n u l l  indicator  should s t ay  at zero. In the  wind tunnel ( M  = 4.0) 

experiment, the  angle of a t t ack  could be changed from the  outside, and the  

n u l l  indicator  could therefore  easily be brought t o  zero by adjust ing the  

angle of a t t ack  w i 5 h i . n  a f rac t ion  of a degree. In t h i s  way flow i n c l i -  

nations can be measwed very f a s t  and accuxWately, There a r e  several  ways 

t o  ca l i b r a t e  The 5Lecfrica1 3on-linear output s i p a l s  of the  bridge against  

anguiar inc l ina t ion ,  One way i s  t o  measure t he  voltage on t h e  n u l l  indicator 

with a more sens i t tve  instrument (microvoltmeter). From these t e s t s  it was 

estimated t h a t  it i s  possible t o  reach an accuracy of about .O1° i n  determin$ng 
II -1 --- -1 - bne LLUW ttng~t: by this method. 

Y- 
If  %, and RW2 are tLe cold res i s tances  and q,, and Ty2 the  working 
temp5Fatures of the  hot. wires HW, and HW2 resE8ctively, then the  condition 
t o  keep t'ne bridge i n  balance a<-any mbrent tempera-tiure .I? wo-dd be as 
P m l  1 A - r n  

a 
rurruwo. 

where a i s  the  temperat,ure coef f ic ien t  of r e s i s t i v i t y  which i s  considered 
equal and constant f o r  both hot  wires. This means t h a t  t h i s  condition is  
f u l f i l l e d  a t  any ambient temperature Ta a s  long a s  t he  c o n d i b s  at  the  two 

- hot wires a r e  identFca1. 



In order t o  show t h a t  t h e  aforementioned temperature d r i f t  of 
hot wires cOrriPensated to some extent lay a 'not wire, 

the  pressure hole on one s ide  of t he  wedge was closed off  t i g h t l y  so t h a t  

only the  pressure on the  other s ide  was measured - i n  the  same way a s  
static pressures ;ere ( s e e  p.s)m T- + L a  

I L L  b r i ~ S  case n~ f-mther dz-ffting 

of the  reading was observed* because the  second closed off  hot  wire within 

t he  wedge was i n  t he  same temperature environment and had the  same temperature 

ccefficient of resistivity as t h e  f i rs t  m e .  

However, any attempt t o  measure absolute pressure in t h i s  way would 

necessar i ly  be l imi ted i n  accuraty as through t h e  e f f e c t  of a changing 

ambient temperature T a pa r t i cu l a r  reading loses  i t s  uniqueness. This a 
means t h a t  t h e  same reading may be produced by d i f f e r en t  combinations of 

Ta and p. 

Fortunately there  ex i s t  several  methods t o  overcome t h i s  pa r t i cu l a r  

difficultye @~~i-iusl_;r t h e  most s - l - ra igh t fo~prd  p e  '(;roiddd be t- mkte 

e l e c t r i c a l  measurements. The f i r s t  one would be Jus t  a determination of 

t h e  pressure as described i n  t h i s  repor t .  From ca l ib ra t ion  measurements, 

one gets  in this way a series of ~~.1ihrsxtxt~n C i i r v e s  f ~ r  d - l f f e - ~ ~ t .  ~ F L ~ I _ Z P ~  of 

Tab It i s  estimated t h a t  t h i s  method may y i e ld  an accuracy of about 1% 

o r  b e t t e r  f o r  determining absolute pressures.  There w i l l  probably always 

be some s m a l l  discrepancy i n  determining t h e  exact resistance of a hot  wire, 

because of uncontrollable f ac to r s  such a s  humidity, microscopic dust  

p a r t i c l e s  on t he  hot wire, e t c .  For most pract l ica l  cases,  however, t h i s  

accuracy should be su f f i c i en t .  

This method of making two e l e c t r i c a l  measurements, could be ac- 

complished i n  e s sen t i a l l y  two d i f fe ren t  ways. 

* 
mh4e is + ~ 1 3 n  n n 7 T r  nrr ln-n e n  +LA v.rr-lr-?-rr +~m-.rrn-r.+..-n n +L- 
. L A A A . u  UG v u r y  a~ rvsle a o  ULAG w v s  n lub ~ c l ~ y c s  a b u r  C U L  w s e  wire is kept  
suffi~ient.l;y r , l ~ s ~  t . ~   it.^ nmhjmt. t.empra+.ite a d  l o n g  as teaper=$~Ze 
coefficient does not change abruptly with temperature. These conditions 
were we11 s a t i s f i e d  i n  our experiments. 



a )  One determines t he  res i s tance  of a single hot  xire for the 

temperature T (with very low cur ren t )  and f o r  TW quickly, one a f t e r  
a 

another, so t h a t  T cannot change appreciably i n  the  meantime. Only one 
a 

e l e c t r i c a l  lead per gage would be required here. 

b)  One can use a separate r e s i s t o r  (e.g. the  P t  f i lm r e s i s t o r  mentioned 4 

i n  t he  following paragraph) i n  t he  same environment a s  the  hot  wire t o  

measure T-. This enables one t o  make the  two e l e c t r i c a l  measurements at 
u 

exect ly  the  same time, independently. Here two e l e c t r i c a l  leads  per gage 

would be required.  

Of course in all cases ca l i b r a t i on  measurements have t o  be performed 

p r io r  t o  the  act& use of the  hot wire pressure gages in  order t o  es tab l i sh  

individual  c a l i b r a t i on  char t s  f o r  each hot wire. 

Another completely d i f f e r en t  approach t o  el iminate any ambiguity from 

t h e  readings i s  described by T.  L. Smith i n  t he  appendix. This method 

voifid h 8 . e  dLgf;i_nl~f; ad-+r&~%age the+, o d y  a s i n g l e  elec-@-ic m e = s \ ~ r a a ~ t  

necessary f o r  obtaining a unique pressure value and t h a t  only one e l e c t r i c  

l ead  per  gage i s  required.  

In t he  case of using e i t he r  method, however, it would ce r t a in iy  be very 

inconvenient t o  provide f o r  each hot wire pressure gage a second compensating 

wire of t he  same form separately,  as was done i n  the  experiment with t h e .  
---ai- 3 - - - - -  2 7 -  _ 1 wewe aescrlDea previously.  Therefore, it i s  suggested t h a t  t ne  compensating 

r e s i s t o r  be at tached permanently t o  t he  ceramic tube ( ~ i g .  1) i t s e l f  by 

depositing on it a t h i n  fi lm of  platinum in the  way as shown i n  Fig. 6. Such 
m a + - 7  9 4  1- w a n 4  cl+r \ - r ,  CIH- -cL-~ . -F .c I~+. . - .~ -~  n----n1 -1 1-+ +-An-- + 1 n-- A -  -1.2 C A  
AUGUC;LL LLILLI I C D l D U V I  5> CU C lllCLUUleK; b U C U  G U U t S L G l t U L J  bUUUJ U b  A U W  CUD b UJ1U b U  

very c lose  tolerances with respect  t o  res i s tance  and temperature coef f ic ien t  

of res is tance.  The e l e c t r i c a l  connections could be made by s i l ve r  conducting 

paint. As t h e  CGIILIOE side ~f t he  h o t  wire t h e  f i h  resist~r c~uld be 

grounded, only two leads  per pressure gage would have t o  be brought out. It 

is, of course, possible t o  connect the  gages t o  all kinds of self-balancing 

devices t o  t h a t  t he  readout could be made completely automatic. The 

* 
e .g .  by Film Ohm Cory. of New York Ci ty  



nonlinear response of the  hot wire i s  such that the  s ens i t i v i t y  increases 

with decreasing pressure; t h i s  means t h a t  t he  gage i s  usable over a very 

wide range of pressures with a f a i r l y  good accuracy. 

CONCLUSIONS 

It has been shown i n  t h i s  paper t h a t  the  hot wire pressure gages show 

promising p o s s i b i l i t i e s  f o r  various applications i n  wind tunnel work. Their 

main advantages a re  very small s i z e  and weight, extremely high sens i t i v i t y  

at  low pressures, and very short  response time t h a t  shou;ld make them su i tab le  

even f o r  use i n  shock tube wind tunnels and f o r  research on turbulent pressure 

f luctuat ions .  Their main shortcomings a r e  highly nonlinear response t h a t  w i l l  

probably require repeated separate ca l ib ra t ion  of each individual gage, t he  

necessity t o  provide a compensating r e s i s t o r  and o r  t o  make two e l e c t r i c a l  

measurements f o r  determining jus t  one absolute pressure, and the  r e l a t i ve ly  

t r i cky  assembly of t he  hot wires themselves. The l a t t e r  could be overcome 

i f  a su i tab le  mass production f a c i l i t y  i s  s e t  up so t h a t  these gages would be 

commercially avai lable  a t  low cos t .  It i s  thought t h a t  such gages (as shown 

in Fig. 6) ,  i f  i n s t a l l ed  i n  wind tunnel models, would be discarded with the  

models after f inishing the tests. I f  one is  in te res ted  merely i n  exploratory 

measurements t he  l imited accuracy of t he  gages i s  not so important and it i s  

probably i n  t h i s  case where they may f i nd  the  wider application.  

HERBERT J. BOMELBURG 
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APPENDIX 

COWNTS ON "MIIJIATURE HOT W I R E  PRESSURE GAGES FOR 
W I N D  m L  WORK" BY T, L, SMITH 

My comment is related to the idea of using a compensating resistor 

which is not a hot wire; Dr. Bornelburg mentions this on page 12, but does 
= 

not mite ed,r_l?atinns for it, This compensating resistor t u n s  out to need 

a different thermal coefficient of resistance than the hot wire; but 3f 

this is properly chosen and this compensating resistor has the same 

ambient temperature as the hot wire, the pressure can be found with w e  

measurement, correctly compensated for variable ambient temperature to the 

first order, 

Re = resistance of the hot wire at some standard room temperature To 

SJ = temperature coefficient of resistance of the hot wire 

% = temperature coefficient of resistance of the compensating 

resistor 

The compensating resistor is assumed to stay at the temperature TP 
U 

which is also the ambient temperature in which the hot wire is operating. 

i = current which goes through the hot wire and compensatlng 

resistor in series; as one side of the bridne, - - - - - - - - 

Hot wire equation, 

I have assumed here that in the hot wire the heat loss follow8 the 
"N-Q~ 1 an law" be1 n s  pr~p~rtirnd the first ~QVJ~ ~f its te-rne,rnt~me 
rise above =bientl Lee*, asam C equation ( 3 )  is a function of but 



not of T . T h i ~  Dr, Bornelburg also assumes, and I believe it is 
a 

justif led for small changes in T --La -L 1 3 - ---ll -- ---.-a 
WI~LCIL wvuu uurrnrury UGG u- 

a 

We w i l l  assume tha t  all a%F terms are 4 1, so tha t  equation (4! 

can be writ ten 

prom equations ! 3) and (I) combbed 

is2 + iG2 %(TW - To) = c(% - T ~ )  

i%, z + i2~,  CY...(T~ - !lla + Ta -To) = C(T~ - T ~ )  

Substi tuting t h i s  in (51, w e  get 

C 
I 

+{  c 
B [,a - 4 5  C J -I 

"2 

We now note that t i e  requirement t n a t  tne bridge stay balanced o r  t h ~ t  

the r a t i o  (6) be independent of both pressure and ambien* temperature 

i s  met if c/i2 i s  a def in i te  constant and i f  % i s  chosen ao that the 
+ ,+* / m  

GUCII AGAC11 b UJ. 
'la 

- T ) in ( 6 )  is zero. 
0 



This gives the two equations 

with the coqdition c / ~ ~ R ~  = constant, or 

We note tha t  i f  we s e t  the resistance R R4 of the other two legs 
3' 

of the bridge t o  require a 10$ increase in  resistance of the hot wire 
PA- k s l o m f i a  fin ,--b,, in other words requ i re  t ha t  

then we need cr, = 1.1 % for  the thermal coefficient of the compensating 

res is tor ,  since the brackets are the same in  equations (7) and (8). 
- - we fur'cner need t o  note Tnat i is the  a-iii;eiit ixi the vezisble 

of the bridge only, and while i i s  proportional t o  I/c(P) and Independent 

of T . the bridge resistance i s  not independent of T-. Hence a correction 
-8. a 

a-- T - -  if bridge ciarent ig me==inede Thie corrwtion can 
U a E )  lJu UG lllCLUC, 

- a 
be made very small, i f  the fixed resistance side of the bridge is made 

very high, 60 tha t  the current through the hot wire i a  almost en t i re ly  the 

bridge c u r r n t .  There m e  disadvantages t o  doing t h i s ,  as the bridge 

impedance as seen by the balancing galvanometer i s  high; t h i s  makes it more 

d i f f i cu l t  t o  detect small unbalances, and increase6 the chance of error  

due t o  s t ray  signal pick-up in the galvanometer. 



If (?), (8) and ( 9 )  are sat isf ied,  it w i l l  be seen that % i s  

proportional t o  Rc ,  and so the variable side of the bridge has a 

resistance % + Rc which i s  proportional to 1 + %(T, - !Po). If the 

other side of the bridge, res istors  R and R4, are a l so  kept a t  the 3 
same temperature T and have the same temperature coeff ic ient  a then 

a c '  
the division of current between the two sides of the bridge w i l l  be 

independent of temperature, and the entire bridge current w i l l  be 

proportional t o  /cF) but independent of Ta. 
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